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{Following is transletion of an ariicle by R. Faus,
3. Thomssen and Z. Rotx in the German-language Journal
utsche Mo Wochonschyist (Garmen iedical

RAPID ACTIVE DGUNIZATION AGAINST TETANUS

According to many suthrors (1, 2, 3), simultansous inooulation
rapresonus todey, in cases of injury, for nonimmunized or insuffi.
olenily immrizad persons the method of cholea for tetams prophylaxis.

% conslsis @s & rale in tha nore or less simultanecus but ﬁoally
soparated injooticn of at loast 1,500 international units of tetarus
aztitodis and of o dose of tetemus vecoine, Active tetemus immniza-
tion iritiated with the first injeotion of tetawus vacoine is usually
aozplexcntad by the injeotion of & second doss of vaoolns 4§ wesks
later. The aacond doss of vacoine must not be onitted and oan, if
absclutaly necassary, at mos: ha somewhat .retzrded.

The purposs of similtanecus irxuniszation is evident. The ad-
indstration of antitexin provides the patient in the shortsst inter-
vii of time with a osrtain concentration of antitoxin., Eowever, the
latter dagins to drop immediately aftcr orection in acoordance with
er axponontial law. To this is cue the short duration of this pas-
sive protection. The simultanecusly induced active lmmurisatdor has
tac purposs of rovlacing the receding passive Inmunity as fast as
posaible Yy active Lromnicy. Its advantages bescome effoctive prims.
Sily only for sventusl later injuries bsosuss we oan forego an injec-
tiona of entitocin and therefore avold the risks in conneotion with
tky dnmjection of animal sera (amaprylsetioc shoek, allergio shook,
seruz cisease). If the sirmltereous irosulation was tried out as
vreserided, 4. o. if it consisted of at least two injections of vao-
oine in additiorn to the injectior of artitaxin, in a possible later
new injury or other expostre depernding on the point in time of its
oocurrence, sither no specific prophylactic neasures are eifectod or
2 dose of vaceine is given (booster injection). Anyone who decides
to aduiwister in prineiple the vaceine in & new ipjury, camot comadt
an error.

It 40 ococcamionally regarded as & oeitain disadvantage of active
imzunization that & relstivaly loag intorval sescs to elapss until
it leads %o a concentratien of antitcxia regarded as of sufficieat
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st=bility. as a muls, this 1s tha case anly a few deys aeftar tha second
injecilcn of vaceins.  If healihy irdivicuals ares immunlzed, this dis-
advarntage 1z of no elgmificance. Tho case is different in simmltionecus
imosulstion. It is hero desired obviously to have a method of active:
drounizetion which lezds so quieckly to the formaiion of telanus anti- |
todn thet it will #$3)d bernedit the lote ioierms csse, There is hardly
sny doubt thet the present fomm= of simuilanoous prophylaxis is not
able to acsorplish tais. Howsver, ro facts are kuown which would have
o be interproted in another semse. Perheps it is impossible in prine
ciple to convert & receding heierologous passive immurnity inte active -
dmrundity without any gep. However thicz xay be, the situation has ine f
duced us to investizete if it is possible, by changiug the customary
irtervals of inoculatioxn with or withoul increase of the injactions, |
to obiain sdecuaie artitoxin concentration in the blood szrlier than
othervise. The Following reporis on the results of the findings. :
}
Materdal and Methods f

hembers (moles) of the German Red Cross in Freiburg/sr. volun~
teered for the investigation. Two groups of 1517 each individuals
wara formod for whom 2 basio imminisation with leiemus vaccine had
nelthor bagun »r tarminstad. XNore of the individuals had suffered
from tetanns, Some of the indivicuals had already besn immunized pas-
sively once or several “imes. The last adxinistration of serum than
was always more thon 4-5 years in the past. The distribution of age
wes os follews: 13 individuals from 1420 years; § individuals from
21-25 years; 5 individuals from 26-33 ysars; and 9 individuals from -
k=54 years. .

For immurization, we utilized the alumirum hydrexice adsorbate -
toxoid "iatamol" of the Bahring plants, Marburg/L. The vaccine had
the control No. i and had beon tasted in the Paul~Errlich Institute
on 17 Qotober 1957. 0.5 wl of the vaccsine contained not less than
75 I0. Innoculetion began on 10 July 1958.

The vacolns was injected suboutanscusly axd alternately in the
subdeltoid region of both arms and, for some individeals, &1s0 1in the
infraclavicular region if the inlfiltrations in the upper axm wers too

“darge. y

Group I comprised 16 incividuals, each of which rsceived 2
toxoid injections at ai interval of 10 days. 1.0 ml were injocisd
on the Mrst and 0.5 zl "tetanol' wers injected cn the tentz day.

Group II conprised 17 individuals, each of which received §
taxedd injections at intervals of 2 days esoh. Injections oonsisted
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of 1,0 ml on the first and O 5 ml of "tetanol® on the f.hird. fifth,
seventh apd ninth day.

Bvalunation was effected through serum antitoxin detdrmination

. in mice. In addition to the blood specimen prior to vacoination, such
specimons were taken on the 13th, 19th, 39th, 69tk and 125th day efter
start of veccination and, in Group II, additionally on the nicth day

_ after the start of vaccination. Detemmination of antitoxdn titer was
carried out in the customary marmer by employing test toxin and

standard antitoxdin. All indications of titer are in :.ntormtaonal
units per ml.

Eipdines
Table 1 and 2 contain the dats on antibody concentration mea-
surec in the sera of the individuals obtained at different times sube
sequest to vaccination. Oroup I reached a mean antibody titer of 1.84
x 1077 JUful 20 days after begin of ag cination and after subsequont
stesp rise, a titer of about 2.5 x 10‘ I0/ml on the 39th day.

long as exardnation took place, no further essentlal change occu:ed
during the following four month_s.

Table 1. Antiboedy titer individuals injected with "tetancl"
in Group I, in IU/ml serum

G 2am |b Aner Cowr ldyp, |Einry + 1y i ».Tegn | P .
VR 18 0.001 - 000l - | om 0 10 20
xR 1 0.001 - 001 o Y ol o
ZA n am - 0,001 2008 - - om
KK 10 o.001 - . G0l G.on 0,008 . 008 [
W.R n 0,001 - 0,001 0,00) - on o
i 2 000 - 0,001 o1 0,008 - 0
pa n 0,000 - 0,001 000 .03 o -
L 28 0,001 - aon 0,00 0,008 - -
FA 2 0001 - 0.00 oon - .0 )
ZA » A001 ~- 8,001 om 0006 o008 _oal
K | = o001 - 0001 o <03 - YY) an
D.EL ) 2001 - 0,001 am 9002 0008 an
K % 000! - 0,001 0208 008 o s
HE » co0l - o001 . N8 ol s o
™ r) a0t - 00! oo - oot a8l o
DL “ 000 - 0,001 om osos o W

K Cosmats. Mittelwaria: 10 % 160 10 X 5ore M1 wt 100 FTE T, YR

&-ulm.b-qol 0 = before immnisation) Ged = 9th. oto day;
k w= geometriocal mean values.




Table 2. Antibedy %iter of individusls in Group II
injected with “tetanol", in IU/ml serum -

Neme | AgE Saliog | 9th day [13th day |19th day | 39th day63th dey ﬂa.,,m;
1 X 3 u 0,00 . 0001 o001 ons o1 Y] o
J.U. 13 0,001 o0 0ot * - ~oua wm opt
V. " 9,001 008 20 10 1Y . o2
3K 1 4.001 4001 Q.00 [ ] 20 - 5
sa ] 0,001 0,901 0,001 (3] o5 02 o
EW 1" o001 0,008 00! (Y] - o3 | oS
G.F. "® 0,00 0,003 0,001 008 (1 ob el
SH " 0,00 . 000 0601 o . o5 (13
K " 0,001 0001 a0 ol - 0S8 | a2
wi | n ] o 000t o 0 o) l o
DU a 0,001 0001 €001 ons 02 02 .| 2
LH » - 3% 001 0001 (1] 02 [ Y L
LK M 0001 a001 0001 0,008 o1 - to—
(3 » 8,001 6,004 0.001 0,001 o a3 L
rW. » 0,001 om01 o0 al 10 1. -
[ ¥X a [ 8001 0008 aon, ol - ..
NW. " 00! 000 ©.001 o sl ol -

. 10X 10¢ 0 X e 128 X 107 484 X 10e 148 2 g0 AL X 107 '1,"“0

The ocsuss of antitoxin formation in Group II was similar btut

- the steep rise set in sarlier and reached prior to the 20th day 2

value above ‘the mean value of Group I and rpse further to 7-8 tines
of the value of G!‘mp I' 1.8, 10“00 x 10~ m/lll.

Ancther ploture of the difforing effect of the two methods of

irmunisation is offered Yy the considexation of the individual titer
ocurves within the two o In Group I, the individuals reasted
individually rether differently in regard to the speed and extent of
antibody formation. In IX, this behavior gives way to & more
uniform type of resotion with & mich suailer individual cpread.

I ve assume a oonoentration of 0.005 IU/ml antitaxin as the
lowest value iffording protection against an intoxication &6 it may
ooour in man as the consequence of an injury, then the tulk of the
individuals of Group IT reached this limit prior to tha 20th
day after the start of immuniastion, 1.0, 13 out of 17 individuals.
In Group I, only 4 of 16 individuals reached this value prior to the
igtgg.; cut of 16 only after 30 days., The relations arv grouped

. 1 ] .

The individual values were obtained by interpalation. We.-
e 1o trenyY ot Rt s 2a. Gy I Mt s et g
2!5.; mumuq-u.”'m-g-mo adihodopou dm

m =15 and np = 15, we obtain & dirorence of the mean valuos which

:

aba




cannot be regarded as randam (t = 3.6 at & Py gy of 3-63)-_ The

difference in the varistions of the irdividual value can also be de~
termined exactly, and can no longer be regarded as random: °

2 .
i -
Pe 2 = 4.4 apd Py o0 = 3,46

Table 3. Distribution of intervals after whioh individual
titers reached or sxceeded 0,005 IV/ml

" Tage nech Boglan deor Lmphaagen 2 w3 15-30 -2 2530 over 30
GoppelbelOsLiml b | -~ m,17, 8 2 - 2.9x I YYY
. . ‘ P I
Greppe 11 bal 0,008 L. RAm] O C K 835186 - an L ¥ ]
| saEs |

& == days after ltu't. of ﬂcomﬁm; b == Group I at 0.003 IU/ml
o == Orcup IT at 0.05 TU/ml . '

As findings, we oa< now indiocate that only 1974 of Group I had
reached the erdtioal 1imit of 0,005 IU/ml on the 19th day after start
of inmnisation whereas 80§ of fircup II were already protected at this
m.n}:oumr. the aritical limit is recched more uniforunly in

Tarcughout the entire experimental series, no o oations
& to vaccination occurred in any t.nd:\.vidnl:lenm:h have roduged
oapabllity for work., Generally, only reddmxing oosurred
at ths point of vaoccination which exceaded the diameter of 4-5 om only
in infrequently oases and sometimes changed into semewhat larger ine
filtratas, Four manths after start of weocination, the points of
veccination no longer showed any cbservable migus.

Recusmien

A so-ocallad bagie or foundation immnimation against tetarus
consdsts of tno injections of vacoine vhich are
at an interval of at lsast &8 weekr. Xf this interval is observed,
it may be anticipated that, a few after the second otion,

a high perosntage of a group ¢ as samtative have
M‘oﬁnu nﬁtﬂhnwﬁm‘u safficient.

Pov relishls indications ean be fourd in literature of the
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cordition under which shiorter intervals between two injections are
sufficicrt in order to achieve the desired effect. It would here be
necessary first to define what is meant by desired effect. It is cone
coivatle that this effect may be considered ac roached in some cases
. when, at a2 shortonad interval of the two injections, the antitoxin
concentration considered as adequate may porhaps not be deterrxined
one woek after the socond injectien but perhaps two, thres or four
weeks lator, In other words, there arc situations in which it is
relatively unimportant when the antitoxin threshold considered as
nccessary is excoeded ard where we are only concerned that this be

the cass, TFor exanple, this can be the case if hoalthy individuals
are available ondy for s relatively short time farcarrying cut the
vaceination. On the other hand, situations may be imagined, as is
shown by the exanple of simultanecus viceination in the cass of
injury, in which it is important not only to complete active immuniszae
tion itself in a short time but to excasd moreover the oritloal anti-
toxin threshold of the tlood as far as possible, Another question in
this comnection is the one whother, in the case of non-immunized and
injured patients, we can permit the admirdstration of antitoxin as
such and attempt to achisve the desired result instead by giving toxeid
injections. . _

In order to cbtain some information on the questions outlined,
we cerried out sotive tetamus immunisation on two groups of indivi-
¢uals. A series of prooticsl viewpoints were doolsive for the experi-
xental srrangment. Ue utilised tetamus sdsorbats vacecine for the
first and ssaand injeatiens, although this procedure is not neces-
sarily to be rogarded as optisunm from a theoretiocal standpoint.
D'Antonc and Piassd (#) have shom that it is possidle to obtain mich
higher antitadin titer if only the firet vaoccination is performed with
adsorbate vaccine and the later injections with liquid toxedd fres
of adjuvants. This corresponds to the generul rulos of iLmmunimstica
with wacoines containing adjuvants (8)., However, we decided on the
procedure presoribed in spits of this bacsuse adzsozbate
toxoids are availahle commercially in the Pederal i¢ and the

Sinoe only relatively fev voluntary individuals wers svailable
for the experimont, we have restrioted the
sonevhat. In place of & largsr mmber of
it vould have been to vary the interval between the two ine
-Jooumc':bmmt , W0 have formed, 4n view of the relative total




1535 of cases of tetanus where the period of incubation was shorter
than 10 days.

Since we gnticipated that this interval would possibly be ine
sufficiont in order to accelerate the result of vaccination, we come
bined, in the second vaccirating plan, the shortoring of the inter-
val of vaceination to 10 days with an inoreass of the mumber of
injections and consequently also of tho total antigen dose.

The result of the investigations in Group I showed that the
shortening of the interval as against the customary interval of 46
weeks does not azcelerate the result of vaccination. The critieal
antibody comcentration is resched by most of the individuals tested
only aftar four weeks, Yowever, there was available, on the 39th day,
an adequately high, aven though not entirely satisfactory antibody
titer vhich testifies that the basic iromnization was successful in
spite of the short interval., We may prudently consider, in view of
the small mumber of individusls, that in urgent cases, e.g. in the
case of sarly discharge of & patient, the secord dose can follow 10
days after start of immrdisation with an expectation of success.
Bowever, it should be considered that the first injection in our ex--
poriments consititutsd doudls the customary dose. | :

Increass af the mumder of injections and therefors also of the
total antigen in the second vacoination plan led to apother result. ‘
On the 20th day after start of immnisation, over 80% of tho indivi-
duals reached ap antitaxin concertration in the serua at which proba.
bly affords protaction aguinst tetamus. Whether the possibility of |
sotively sconlereting the formatica of tetarus antitarin has signifi. |
ocance in practice, in cases of in .nmwuotoay."
There is no doubt t 4t 43 possible, in aarmer described, to |
oreats a certain antitorin conocentration in the blood withing & eomn-
siderablo perusntage of the periods of insubation of tetanus. 10.25%
of all tetams cases are Alleged %o have periods of inoubation of :
more than 20 daya (5, 6). However, there is still the question vhe-
ther the period of incubation reprelents the ome factor which has
decixive importance for the creatiom of sctive tetams Lmwurdty in
- the yece with the outbreak ¢f the alirdosl sickness. Perhaps eatirely
different pathogenstic factors are more important. Murthsrmore, we
roed to alarify, for the case of simultanecus vaccination under the
. conditions desoribed, how sich & faroed active immnisstion sffeots

pescive immurdty. ZFelnsrn (1) did demonstrate that the ageeleretiom
of the alimination of antitadin through the simultanscesly sddinistered
toxeid oan be neglected ia the sustemsry simltanesus prophylaxisc.
Kowever, ether investigatiens vill bave to exsmine the influsmos of
the utiligation of Migher amsunte of taxedd en the eliximatiom of
passively doveloped aatitexin, Nowever, it would appear oertaia in
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any event that it will not be possible oven with the forced active
immunization method utilised by us to convert the receding passive
aptitodo iomnity into an active lLmmunity without any gap. "
the possibility voiced of to:sm.ng serum injection emtively because
high toxoid injections oan ) sufficlently quiakly to an actively -
formed antibody concentration, finds no support in the present inves-
tigations. It is entirely posszible to discuss the action and the
value of pessibly indueed heterclogous antitoxins fram various view-
points tut to replace them by 2 taxoid injeotion on the basis of the
present investigations would be tantamount to abandoming the basis

of conflrmed faats,

Surpary

Two groups of 16-17 persans each vere actively immupiged
against tetamus. The first group received two injeotians of 1.0 and/
or 0.5 com at an interval of 10 days. The secord group received a
total of 5 irjeotions of 1.0 cam initially and 0.5 oom subsscuently
at intervals of 2 days sach. The wmeaine utilised was “tstanal", con-
trol No. 44, of the Bolring plants., The vaccine oontained not less

day after atart of vectimation,; repesated detnd.n:"uoa of hlood antl
toxin was carried cut six times in Group I and sewon times in Group
~ IZ. 0,005 IU/cch serun are regarded 2s critical threshold value
the antitaxin coroantretion in the blood. The individuals

after staxt af tion. Only S of 18 individuals of this group
2ed rosched and/or exoeeded this an ¥

17 individusls of Group II had resched or exoeeded this value by the
19th day. The averege antitoxin eamtant in the blood of individuale

of Group II was at 1sast 1S5 times as high on the 19ta as that of
the individnals of Greup I and abount 6 as
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